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Abstract 
Friction drilling, a non traditional hole making process is performed on brass, aluminium and stainless steel using a conical 
tungsten carbide tool. The thrust forces involved in the process of friction drilling for various speeds and feed rates is measured 
with the help of drill tool dynamometer. The variations in hardness in the heat affected areas of the work piece are measured. 
The temperature distribution during the friction drilling for various speeds is also measured. The microscopic observations of 
the drilled holes are examined using Scanning Electron Microscope (SEM). The thrust forces showed gradual increment for 
increase in feed rates for constant speed. The microstructure images showed high adhesion of work piece and material transfer 
in the case of aluminium. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Friction drilling is a non-traditional hole making process in which the frictional heat between the tool and the work 
piece is used for drilling hole. The heat increases the ductility of the material, which is extruded on to the front and 
backsides of the hole.The process thus forms the boss and bush on the work piece. The thickness of bushing is 
three times the size of the work piece thickness, thus bushing can increase the depth for threading and the clamp 
load capability. Since all work material in friction drilling is contributed to form the bushing, it eliminates chip 
generation. And thus it is a clean, chipless hole making process in which the hole on the work piece is made from 
the plastic deformation of the material. This process is a dry drilling process and hence unlike traditional drilling, 
cutting fluids and coolants are not necessary. Fig.1 shows the various stages of friction drilling. In stage 1, the 
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conical tool comes in contact with the work piece. In stage 2, the tool has nearly penetrated the work piece. The 
thrust force is typically peak and the slight formation of bush can be seen at this stage. Stage 3 shows the ductile 
work material encompassing the tool tip. The extrusion of materials sideward to form boss can be identified. As 
the tool penetrates the work piece in stage 4, the bushing of the required diameter hole is formed. Some work 
material is back extruded at the entry of the hole. A preliminary study of the thrust forces and torque involved in 
the friction drilling of cast metals has been studied [1].The numerical analysis of friction drilling depicts that the 
model predicted thrust force and torque had a good correlation with experimental measurements [2]. Friction 
drilling tool showed less wear after drilling 11,000 holes, however, energy dispersive X-ray analysis, suggested 
that adhesive, oxidative and abrasive wear all occurs to some extent during the friction drilling process [3]. Friction 
drilling on austenitic stainless steel by uncoated and PVD AlCrN- and TiAlN- coated tungsten carbide tools 
showed that coated tungsten carbide tool experiences less wear as compared to uncoated tool [4]. The model, 
method, apparatus, tool, bush formation and frictional heat energy involved in the process are studied [5-6]. 
Friction drill tool has been designed for the required bush formation [7]. Flow drilling process on various materials 
for various parameters and various material properties was proposed and steel was an ideal material for performing 
friction drilling [8, 9]. 
Various properties of the friction drilling tool namely strength, rotational stiffness and moment capacity 
of the friction drill tool for drilling of steel specimens are referred. The tungsten carbide is a suitable tool for the 
fiction drilling process [10-12] .Friction drilling in metals of very less thickness and the properties of the friction 
drilled metals are obtained from CME chart [13]. Study of adhesive properties of aluminium during the turning is 
studied and the adhesion of aluminium in the friction drilling is correlated. It was found that the aluminium was 
more prone to adhesion in the case of friction drilling [14]. Friction drilling of sheet metals result in a highly 
sheared micro structural condition in the vicinity of the hole bores and in the material extruded above and below 
the plane of original sheet stock. Depending on the thermal conductivity and friction energy generated during 
drilling, this localized heating can reduce the magnitude of work hardening. Adherence of work material to the tool 
breeds self-mated sliding conditions that tend to increase the frictional work done and thus the energy required is 
created. The surface quality of the holes is compromised by such conditions and may be a factor in reducing the 
fatigue life of joint made using this process unless less transfer-prone tooling and/or lubricants are used. Friction 
drilling of titanium was more difficult as compared to the friction drilling of steel and aluminium. More adhesion 
of aluminium is witnessed in friction drilling. There is no direct micro structural evidence for melting of work 
material in friction drilling. However a small amount of melting is occurred at some thin surface regions [15]. In 
this present work friction drilling is performed on Stainless Steel, Aluminium and Brass using a conical tungsten 
carbide tool. The thrust forces required for performing friction drilling on these metals are measured using a drill 
tool dynamometer for various feed rates and various speeds. The temperatures involved in the various stages of 
friction drilling are examined using the infrared thermometer. The microscopic alterations of friction drilled hole 
surface on stainless steel, brass and aluminium are examined and studied at various resolutions from the micro 
structural image of Scanning Electron Microscope (SEM). 
 
Fig 1. Illustration of stages in friction drilling 
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Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae.
The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors.
2. Experimental Setup
Machine and work piece
A LMW L-MILL 55 CNC vertical machining center was used for the friction drilling process of brass,
stainless steel and aluminium. Overview of the setup is shown in Fig.2.The work piece was held on the top of the 
drill tool dynamometer using the vise. The drill tool dynamometer is used for the measuring the thrust forces
involved in the drilling process. The tool was held by a standard collet tool holder. Three materials used for 
experiments in this friction drilling study of 1.5mm thick. The materials with higher strength should require more
thrust force for the hole penetration. Thermal property measurement provides information on how the work-
material responds to the friction heating at the tool-work piece interface. It has been shown in friction stir welding
that more heat is generated at high rotational speed of the tool. So this paper utilizes higher spindle speeds.
Fig 2 Experimental set up of the friction drilling process
3. Thrust forces
The thrust force is measured for three feed rates of 80,100 & 120 mm/min with three different speeds
2500, 3000 & 3500 rpm and the results are reported in fig.3. The horizontal axis represents the distance of tool
travel from initial contact between tool and work piece. The vertical axis represents the thrust force required for
drilling. From the peak, the thrust force reduces at an almost constant rate until the tool penetrates the work piece
and the thrust force reaches a value close to zero.
The distance of tool travel to generate a hole with a bush a bushing is about 8mm from the start of contact.
After the penetration of conical region of the tool, very less thrust force is required for the penetration of the
cylindrical region of the tool. Fig. 3 shows the thrust force for each feed rate with different speeds. From the graph
it can be depicted that for a constant feed rate the thrust force involved in the friction drilling process reduces with
the increase in the speed of the spindle. For a feed rate of 80mm/min, 2500 rpm yields the maximum thrust force in
the friction drilling. While increasing the speed, there has been a noticeable decrement in the thrust force involved 
in the friction drilling process. These characteristics of thrust force variation with speed are also noticed in the
friction drilling with feed rates 100mm/min and 120mm/min. The figure also depicts the relation of thrust force
with feed rates at constant speeds. It is noticed that for a constant speed of 2500 rpm, the thrust force increases
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Fig 3.Thrust force for friction drilling on Stainless Steel, Brass and Aluminium materials at 
various feed rates and speed. 
 
with the increase in the feed rate. The same effects have been noted similarly in the case of 3000 rpm and 3500 
rpm. 
4. Temperature distribution 
The temperatures involved in the friction drilling process are measured using an infrared thermometer. 
Fig 4 depicts the temperature involved in the friction drilling process for various speeds. Friction drilling of 
aluminium, brass and stainless steel attained a maximum temperature of 164, 252 and 468oC respectively. Higher 
speeds can increase the frictional heat transfer between the tool and the work piece. Heat flux involved in the 
process of friction drilling is dependent on the speed of the friction drill tool. Since the speed is increased, 
frictional heat flux and heat transfer is increased which in turn increases the temperature of the work piece. At the 
final stages of the tool penetration, higher temperature is involved and the temperatures gradually reduce at the 
retraction of the tool from the work piece. 
 
 
Fig .4.Temperatures involved in the friction drilling process at various speeds for Aluminium, Brass and Stainless 
Steel  
5. Hardness Test 
Hardness test is performed on the work piece near the drilled hole surface at points 1mm away from the 
holes. Brinell hardness test is performed on the various locations on the surface of the wok piece near to the hole. 
A 2.5mm indenter ball is used for the brinell hardness test. From the Fig 5 it can be concluded that the friction 
drilling increases the hardness in the heat affected areas. The hardness tends to reach the original hardness value of 
the material on increasing the distance from contact. It can be seen that stainless steel, brass and aluminium have a 
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peak hardness value of 359, 166 and 120 respectively. This shows that the frictional heat involved in the drilling 
process is used for hardening of the materials at the heat affected areas on the work piece. 
 
 
Fig 5. Hardness Variations for stainless steel, brass and aluminium after friction drilling 
6. Microscopic observation 
The drilled hole surfaces of brass, aluminium and stainless steel were viewed under a scanning electron 
microscope to study the microstructure changes in the case of friction drilling.  
6.1. Aluminium 
In aluminium microstructure, the interior surface of the hole was damaged. From the microstructure Fig 
6.1, it is also evident that severe scoring and plastic deformation with surface delamination are visible. Adhesion of 
work material to the tool and redeposition of the work material from the tool is also evident from the 
microstructure. Some of the aluminium material has been removed from the work piece. From this the tendency of 
aluminium to adhere to the tool surface is noticed. The tremendous pressure and the high temperature generated by 
the process cause the adhesion of work material to the tool if the bonding energy is stronger than the cohesive 
energy of the work piece. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6.1 Scanning Electron Microscope (SEM) image of inner surface of aluminium hole 
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The microstructure shows much less obvious development of a discontinuous zone of near-surface deformation 
adjacent to the bore surface. The heat produced by friction drilling must be dissipated. Some heat goes in to the 
tool, apportion transfers to the work piece, and the rest is dissipated to the surroundings. There is no direct 
microstructure evidence for melting of the work piece in the process of friction drilling. Friction drilling of sheet 
metals results in a highly sheared micro structural condition in the vicinity of the hole bores and in the material 
extruded above and below the plane of the original sheet stock. Depending on the thermal conductivity and the 
frictional energy generated during drilling, this localised heating can reduce the magnitude of work hardening that 
would otherwise occur by deformation alone. 
6.2. Brass 
Friction drilling of brass showed less tear and damage of the work piece. The friction drilling of brass was 
smooth and fine as compared to the aluminium. Fig 6.2 shows the Scanning Microscope image of the inner surface 
of the friction drilled hole at various magnifications. The microstructure shows that very less adhesion of the brass 
work material. There has been very less work material transfer from the brass in the process of friction drilling. 
The microstructure shows fine streaks of lines caused by the tool rotation. From the microstructure it can be 
concluded that the machining of brass is a smoother process as compared to that of aluminium. There is no 
evidence of the melting of brass in the friction drilling process but however some very small amount of melting 
would have occurred. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6.2 Scanning Electron Microscope (SEM) image of inner surface of Brass hole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6.3 Scanning Electron Microscope (SEM) image of inner surface of Stainless Steel hole. 
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6.3. Stainless Steel 
 The microstructure of stainless steel showed very fine coarse structure. From the fig 6.3, it can be noted 
that there is no evidence of severe scoring, damage or plastic deformation with surface delamination. Friction 
drilling of stainless steel is a smoother process as compared to brass and aluminium. Fine streaks of lines resulting 
from the tool rotation are found in the process. However small porous are observed due to the high temperatures 
involved in the friction drilling process. Similarly as in the case of aluminium and brass, the stainless steel also 
have no direct micro structural evidence for the melting of the work piece. The surface texture suggests that the 
tool direction sheared from left to right in the microstructure. 
 
7. Conclusions 
The thrust forces under constant tool speed and constant feed rates were measured and analysed for the 
friction drilling of aluminium, brass and stainless steel. The thrust forces show gradual increment for increase in 
feed rates for constant speed. This explains that the higher feed rates require greater thrust force for the penetration 
of the work piece. The thrust forces decreases at higher speed for constant feed rate. This implies that higher 
speeds can produce greater heat energy and thus the thrust force required for the penetration of the hole decreases 
as the speed of the tool increases. Aluminium requires low peak thrust force of 1512N, Brass requires a peak thrust 
force of 1798N and Stainless Steel requires a peak thrust force of 2745N for the hole penetration. Thrust force for 
friction drilling of these materials increase in the order of the hardness value. Hardness tests implied that the 
hardness of the material has been increased at the surface near to the friction drilled hole. This may be due to high 
temperature involved in the process in which the material has undergone hardening effect. The Heat Affected 
Zones hardness has been increased and gradually reduces to the original value at distance away from the hole. 
Aluminium, brass and stainless steel metals have Peak Brinell Hardness Number of 122, 208 and 477 respectively. 
The microstructure images showed high adhesion of work piece and material transfer in the case of aluminium. 
Brass showed very less material transfer and no evidence of melting of brass is noticed. Stainless Steel showed no 
evidence of melting and work material transfer. Friction drilling of stainless steel was smoother process as 
compared to drilling of Aluminium and brass materials. 
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